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This report presents unevaluated information on Soviet Bloc 
International. Geophysical Year activities selected from foreign- 
language publications as indicated in parentheses. It is pub- 
lished as an ald to United States Government research. 


Table of Contents 


Page 
I. Details on Sputnik III 1 
II. Rockets and Artificial Earth Satellites ak 


-fae 


Approved For Release 1999/09/08 : CIA-RDP82-00141R000200180001-3 


Approved For Release 1999/09/08 ; CIA-RDP82-00141R000200180001-3 
I. DWPALLS ON SPULNIK TI 


Introduc *. “fon 


The 18 May Issue of Pravda devotes two full payes to a description 
ot Sputnik TIT and the experiments which are being conducted by it. 
Separate eee ne are devoted to the "Satellite Orbit and Observation 
. of its Movement"; "Sputnik IIIT Uquipment"; "Study of the Ionosphere," 

ineludi ng nae cent of the Concentration of Charged Particles," 

"Investigation of the Composition ot the Tonosphere," and "Investigation 
of Flectrostatic Fields"; "Mcasurement of the Barth's Magnetic Fiela"s 
"Study of Cosmic Rays;" Miavesclontl On of Corpuscular Radiation of the 
Suna" j "Mcacurement of Pressure and Density of the Atmosphere". "Investia- 
tion of Micrometeors"s end "Sources of Equipment Power Supply." 


The Pravda article 1s accompanied by a photograph showing an external 
view of Sputnik TIT and two schematic diagrams. One diagram, on page 3, 
shows the external disposition of some of the scientific equipment carried 
by the satellite. (1) magnetometer, (2) photomltipliers for register- 
ing corpuscular radiation of the Sun, (3) solar batteries, (4) instru- 
ment for revistering photons in cosmic rays, (5) magnetic and ionization 
manometers, (6) ion traps, (7) electrostatic fluxmeters, (8) mass ~ 
spectrometer tube, (9) instrument for registering heavy nuclei in cosmic 
rays, (10) instrument for measuring the intensity of primary cosmic 
radiation, and (11) transducers for registration of micrometeors. The 
electronic units of scientific equipment, radio-measuring systems, the 
programing-timing device and the electrochemical power supplies, which 
sre located inside the satellite body, are Hoe shown in the schematic. 


The second diagram, on page 4, is a sketch of the satellite being 
! separated from the carrier-rocket showing (1) the satellite, (2) the 
carrier-rocket, (3) the separating protective cone, and (4) the shields 
being separated from the satellite. 


The following is the full text of the 18 May Pravda article. 
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The Launching of the third fovlet artificial Earth satellite was ac- 
compLittuyi on 15 May 1953. Sputnik ITI was placed in orbit with the aid 
of a powertul rocket-carrier. When the rocket-carrier with the satellite 
head albtained in the epseified trajectory a flight velocity of more than 
8,000 meters per aecond, the satellite was separated from the rocket- 
carviay by special devices and began to move in an clliptical orbit around 
the Basta. Durlag the separation of the satellite from the rocket carrier, 
the protective cone and protective shields were discarded. The rocket- 
gacuter with che protective shields and the protective cone move in an 
orbit close to the satellite orbit. 


Acenrdng to its specifications, Sputnik III by far surpasses the 
firss ascificial Earth satellites. 


The weizht of Sputnik III is equal to 1,327 kilograms, and the total 
welsh of tne selentific and measuring equipment, together with power sup- 
plies which are mounted in the satellite, is 968 kilograms. 


The satellite has a form which is approximate to a cone. The length 
of the satellite is 3.57 meters, and its largest diameter is 1.73 meters 
not. considering the protruding antennas. A large number of systems for 
conductiag complex selentifiie experiments are instelled in the satellite. 
The experiments Are intended basically for studying phenomena occurring 
in the upper layers of the atmosphere and the effect of cosmic factors 
on processes in the upper atmosphere. 


Sputnix IiI is eqdpped with improved measuring radio engineering ap- 
pavatus, providing exact measurement of its orbital movement and a radio 
telemeterings appsrotus which continuously records the results of scientific 
nersurements, "stores" them during the entire time of the sutellite's 
flight and then transmits them to Earth during the satellite's flight 
over snecial stations situated in the USSR which receive the accumlated 
information. There 18 a programing device on the satellite which ensures 
automatic functioning of its scientific ard measuring apparatus. This 
programing device is made entirely of semiconductors. In addition, all 
measuring, actentific, and radio engineering devices.are made with the 
wide usage of new semiconductor elefents. The total number of semiconduc- 
tor elements an board the satellite 1s several thousand. The power supply 
of the apparatus is provided vy the best improved electrochemical sources 
of current and by séitiedénductor silicon batteries which convert the energy 
ov solax rays into éeléétrical energy. 


The gréat weight of Sputnik III testifies to the high qualities of 
the rocket-carrier which carried it itito orbit. The weight of the 
Sputnik I was equal to 83.6 kilograms. The weight of scientific measur- 
ing equipment of Sputnik II was 508.3 kilograms. Sputnik III weighs 
1,327 kilograms. The total weight of equipment for scientific research 
and radio measuring equipment, together with power supplies of Sputnik II, 
is 968 kilograns. 
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The cout{nuous tnerease {tn the weight of the Sovtet satellites testi- 
fies ta the future possibilities of our rocket englnvering. Already 
Woday, there ts u possibility of launching a recket into the cosmos be ~ 
yond the Iimtts of the Harth's gravitation. Go that this would huve sei- 
eolifiec slenifleance and would be a reul stride in accomplishing Inter- 
planetary flights, it Is necessary that such a cosmic rocket ig sufficiently 
equipped with sclentific and measuring apparatus and, as a result of its 
launching, obtains new information on physical phenomena of the Universe 
and on conditions of cosmic flight. 


The selentific equipment on Sputnik III makes it possible to study 
a wide circle of geophysical and physical problems. The structure of the 
Lonosphere wlll be studied by meens of observations of the propagation of 
radio waves which are emitted f'rom the satellite by a high-powered radio 
transmitter. In this connection, an apparatus for direct measurement of 
the concentration of positive ions along the satellite orbit has been in- 
stalled. A special apparatus will permit the measurement of the natural 
electrical charge of the satellite and the electrostatic field in the layers 
of the atmosphere through which the satellite passes. Measurements of dens- 
ity and pressure in the upper layers of the atmosphere are being conducted. 
A mass spectrometer mounted in the satellite makes it possible to determine 
the spectra of fons which characterize the chemical composition of the at- 
mosphere. : 


For studying the Earth's magnetic field at high altitudes, a self- 
orienting magnetometer which measures the full intensity of the magnetic 
field has been installed. 


A number of experiments are devoted to the study of various radiations 
falling to Earth and having an effect on important processes in the upper 
layers of the atmosphere. The study of cosmic rays in corpuscular radia- 
tion of the Sun is being conducted by the satellite. Registration of the 
intensity of cosmic rays, being conducted almost over the entire surface 
of the Earth, will give new information on cosmic radiation and on the 
Harth's magnetic field at high altitudes. Experiments for determining 
the number of heavy nuclei in cosmic radiation are being conducted. Ex- 
periments In corpuscular radiation of the sun will throw a new light on 
tne nature of the lonosphere, aurora, and other phenomena in the atmosphere. 
Several. transducers will record micrometeor impacts. 


A new experiment on registering photons in the composition of cosmic 
radiation is very important and will make it possible to obtain information 
on short-wave electromagnetic radiation in the cosmos. This is the first 
>xperiment permitting the study of cosmic radiation absorbed by the atmo- 
phere and the first step in opening a new stage in astronomy -- study of 

uenomena in the universe according to short-wave radiation of luminary 

vodies. A number of experiments have been set up for investigating flight 
onditions in cosmic spece. Included in these experiments is the study of 
she heat regimen in a satellite, orientation of a satellite in space, and 


pther experiments. 
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2 Abundance of cotentific ricer eats on Spucnik TIT charac- 
terives £) Os a penvine canmic usdientifie station. The creation of such 
a stabio: oo aca advanced techatcal Levcl aad the placement of so broad 
& somplex of eqaipmms o i became posstble thanks to the fact that a 
satellite of such Large dbnepsioas was created. 


The gatallivo teadectory will rass ovee all points of the globe 
Ly tag emcee the north ana south polar circles. This increases even 
more Cho wate of seleatifie experiments belng coadueted by the satel- 
lite. The parameters of the satellite's orbit, were selected in a man- 
ner that would pisrantee che coaducs of seleatific inveshigations in 
the most lateravidug range ef altinades. 


Tho Satellite Orta acd Chservatios off Tos Meveneat 


Sprtiotk YXI was placed into ar elliptical orbit with an apogee 
altitude (the highest poiat of EES orbit from the surface of the Earth) 
of 1,880 kLlometers., After introduction into orbit, the satellite was 
separate) from the rocket~-carrier. The period of its rotation arourd the 
Farth at the teginuing of movement was 105.95 minutes. Ina day, the 
satellite completes around 14 ovbital revolutions. Later on, the rota- 
tion perlod aad the apogee altitude of the orbit will gradually decrease 
beaause of deceleration of the gatellite in the upper layers of the atmos- 
phere. Accordiag to preliminary estimates, the movement of Sputnik IIT 
in orbit will be longer than the movement of the first two Soviet Earth 
satellites. 


The plane of the orbit Ls inclined to the equatorial plane at a 
65° angle. 


The vookethecarrler, immediately after placing the satellite in orbit, 
itself Levan to orbit close to the satellite orbit at a comparatively 
short disteaccs fron it, Duricg the course of time, the distance between 
the satellite and bhe rocketecarrler wLll be changed constantly in con- 
nection with she different Geagree of its deceleration in the atmosphere. 
The varicvus deerses of decelerabioa ogcur because Lifetime of the rocket- 
carcier will be less than the tine of existence of the satellite. 


Using data acewnilated durtag Launchings of the first Soviet arti- 
fieial satellites, the lifetime may be predicted exactly after processing 
of whe first vesuits of measwremente of the parameters of the orbit of 


Sputaik IIL. 


The movement of the Sputaik ITI in relation to the Earth is similar 
to the movement of the first Soviet artificial satellites. In the middle 
latitudes, each successive revolution over the Barth's rotation and the 
precession of the orbit occurs approximately 1,500 kilometers west. of the 
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is around }\° 
deuily. Observations of satellite movement are conducted by radio engineer 
ing, and optical methods. The equipment and methods of observation have 
been slenificantly improved for Sputnik III. The satellite is equipped 
with several radio transmitting devices which make it possible to conduct 
measurements of Its coordiLnates during movement in orbit. These measure- 
ments are made by a series of specially created scientific stations 
equipped with a large number of radio engineering, devices. 


Data on satellite coordinates, which are measured by radar equipment, 
are automatically recorded simultaneously with unified astronomical time. 
Then, these data are transmitted along special communication lines to the 
general coordination-computation center. In the coordination~computation 
center, measurement data, received from various stations, is automatically 
fed into high speed electronic computers, which perform joint processing 
and compute the basic parameters of the orbit. On the basis of these cal- 
culations, the future movement of the satellite is predicted, and its 
ephemerides are given. Such a complex of measuring equipment, which in- 
cludes a great number of electronic, radio engineering and other devices, 
ensures the measurement of satellite coordinates and the rapid determi- 
nation of the parameters of its orbit with an accuracy which exceeds by 
far the accuracy of measurements of the movement of the first satellites. 


Dosaaf [Volunteer Society for Cooperation With the Army, Air Force, 


and Navy], clubs, radio direction-finding stations, and a large number of 
individual radio amateurs are taking part in radio observations of the 
satellite at the same time. A radio transmitter operating on a frequency 
of 20,005 megacycles and continuously transmitting radio signals in tele- 
graphic form with a duration of 150-300 milliseconds is installed on the 
satellite. The radiating power of the transmitter provides sure reception 
of its signals at great distances with the use of the usual amateur re- 
ceivers. Systematic recording of these signals, especially recording on 
magnetic tape, which is easily done by radio amateurs, will have great 
scientific significance. 


Radio observations of the movement of the satellite based on the 
use of the Doppler effect is of considerable interest. As the observa- 
tions of the first Soviet satellites demonstrated, this method is very 
effective and under conditions of good tying in of results of measurements 
to astronomical time, it will be possible to obtain precise data on satel- 
lite movement. 


In the organization of optical observations of the movement of Sput- 
nik III, the experience obtained in observing the first satellites is also 
taken into consideration. The network of ground stations for optical 
observations has been expanded, and a number of foreign observation posts 
have been added to it. Photographic methods of observation have been 
significantly improved. 
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The vee of an cleetron-optical. converter in photographing the satel- 
LLte a runes possible u sharp photographic Image at very great dis- 
bane ls speeLol Luberest. Models of the apparatus for photographing 
ae ren saith the use of the electron-optical converters were success- 
fully tested in observations of Sputnik IT, 


Spubede TIL oud pings. 


Sputnit, TII in the full sense of the word is an automatic scientific 
stuctiun La bhe cosmes. Jts equipment and design are considerably more 
iimoreved than the design of the first sputniks. In designing Sputnik ITI, 
a whole munber of specific requirements connected with the conduct on it 
of various scfenbifie experiments and the disposition of a large number 
of selentirie and messuring equipment was considered. The possibility of 
mrvbuad inviuence of Individual sclentifice instruments required careful 
packaias tp the sotellite and placement of sensing clements of scientific 
OPPLLUb Us » 


The hermetically-sealed body of the satellite has a conical form and 
Ls mule from aluminum alloys, Its surface, just as the surface of the 
soabelLiites, was polished and subjected to special processing to give 
it the necessary coefficient values of emissivity and absorptivity of 
solar rodiution, The rerovable rear bottom of the satellite is fastened 


with joins frume boits. The hermetic quallty of the joint Is ensured with 
speclul sealing. Before Lounching, the satellite its filled with gaseous 
nitrogen. 


Wishin tue body of the satellite, in the rear instrument frame made 
of maynesium alioy, the following are situated: radilotvelemetering appa- 
retiuus, vadio apparasus for measuring satellite coordinates, programing- 
timins device, apparatus for the heat regulating system and for measuring 
tompecnbure., an automatic system which provides for switching on and 
switching off che apparatus, and chemicul sources of power supply. In- 
struments for measuring the intensity and composition of cosmic radiation 
and apparatus for recording micrometeor impacts are also mounted on the 
rear frame. ‘ithe frame 1s fastened to a power pack on the casing of the 
body. 


The bauie section of instruments for sclentific investigations, to- 
uether with power supplies, is also located in the satellite -- on the 
second iusteunent frame located in the front of this section. On this 
frame are mounted electronic units of equipment serving to measure pres- 
sure, Lon composition of the atmosphere, concentration of positive ions, 
magnitude of electric charge and intensity of the electrostatic field, 
intensity of the magnetic field, and the intensity of the corpuscular 
radiation of the Sun. The radio transmitter is also mounted here. 
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sing S (tronsducers) of the scientific 
equipment 1s determined by thelr purpose. A magnetometer is placed in 
the. forward section of the satellite for its maximum removal from the rest 
of the equipment. Cosmic ray counters are installed inside the satellite, 
Otner transducers of the scientific equipment are located outside of the 
hermetically sealed body of the satellite. Photomultipliers serving for 
registering corpuscular radiation of the Sun are fastened to the forward 
section of the frame. In cylindrical vessels, which are molded in the 
form of a sheil in the forward section of the satellite, one magnetic and 
two lonization manometers which measure the pressure of the upper layers 
of the atmosphere are installed. ‘Two electrostatic fluxmeters serving to 
measure the electrical charge and intensity of the electrostatic field, 
as well as a tube of a radio-frequency mass-spectrometer which determines 
the composition of ions ot great altitudes, are placed near them. 


On two tubular rods, which are fastened to the body casing by hinges, 
are mounted spherical net-like ion traps which permit the measurement of 
the concentration of positive ions during the satellite's orbital move- 
ment, During the placing of the satellite in orbit, the rods with the 
traps are pressed to the surface of the body. After placing of the satel- 
lite in orbit, the rods turn around on the hinges and are set perpendicu- 
larly to its side surface. 


On the rear bottom of the body four transducers for recording micro- 
meteor impacts are installed. 


The solar semiconductor battery is situated in the form of individual 
sections on the surface of the body. Four small sections are established 
on the forward bottom, four sections on the side surface, and one section 
on the rear bottom. Such disposition of the sections of the solar battery 
guarantees its uormal operation, independent of the satellite's orienta- 
tion with respect to the Sun, 


The forward section of the satellite is covered with a special. pro- 
tective cone which is discarded after the satellite is placed in orbit. 
The protective cone preserves the forward section of the satellite, on 
which are mounted transducers of the scientific equipment, from heat and 
aerodynamic influences during passage of the rocket-carrier through the 
dense layers of the atmosphere. The cone consists of two half-shells 
which are separated when discarded. Besides the protective cone, a con- 
siderable section of the external surface of the satellite during orbit 
placement is covered by four special shields Joined by hinges to the body 

: of the rocket carrier. After separation of the satellite, these shields 
remain attached to the rocket carrier. 


On the external surface of the satellite, a number of antenna sec- 
tions are mounted in the form of rods and tubular design of complex form. 
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The multicaannel radio telemetering system of the satellite is char- 
acterized by high sensitivity. It can transmit to Earth an exceptionally 
large amount of scientific information coucerning the sclentlfic measure- 
vents being conducted on the satellite. The radio telemetering system 
includes a number of devices continuously storing data on scientific 
measurements during the satellite's flight in orbit. During the flight 
of the satellite the "stored" information is transmitted from the satel- 
lite to ground measuring stations with great speed. 


A system available on the satellite for measuring temperature con- 
tinuously registers the temperature at various points on its surface and 
inside it. 


Automatic control of the operation of all the scientific measuring 
equipment, its periodic switching on and switching off 1s accomplished 


by an electronic programing-timing device. ‘This device also periodically 
gives time markers with great accuracy, which are necessary for subsequent 
tying in of results of scientific measurements to astronomical time and 
geographical coordinates. 


A stable temperature regimen in the satellite is provided by a system 
of heat regulation which is considerably improved in comparison with the 
systems of heat regulation used in the first satellites. Regulation of 
the heat regimen is accomplished by means of a change of gaseous nitrogen 
by forced circulation in the satellite, and also by changing the coef:- 
ficient of natural radiation of its surface. For this purpose, on the 
side of the surface of the satellite, regulating jalousies consisting of 
16 individual sections are mounted. Opening and closing of these jalou- 
sies is accomplished by electric drives controlled by the apparatus of 
the heat-regulating system. 
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Hedy ON the Toa iphones 


. Pr. Cie program of selontisie iuvestization condueted with the help 
“bogota -EL, great arteition is given to the study of the ionosphere. 


foammber ol important jouesphere characteristics have not yet been 
Studd surticivutly. Up to now, only in single rocket experiments were 
diner data obtatued on the distribution of the electron concentration 
With Pespect to the altitude of the outer ionosphere above 300 kilometers 
vuill less information is available on the ion concentration. The in- 
Pormatvion on the chemteal composition of ions, which is highly important 
from the viewpuint of cxplaining the process of ionosphere formation and 
the laws governing their changes with time, are available only for 
Beha rely low altitudes. Tuformation on ionosphere inhomogeneities is 
Usui ic.cut und contradictory. 


A detailed study of ionosphere structure and its principal charac- 
teristics is one of the most important geophysical problems. It should 
be pointed out that the solution of this problem has lirect bearing on 
& reliable vround radio communication with cosmic rockets, as well as 
Cor precise radio measuring, connected with the flights of such rockets. 


. As in the flight of the first two artificial earth satellites, during 
the MLight of Sputnik IIT, an extensive program of ground observations 
of radio vaves radiated from the satellite will be zonducted. 


Measurement and registration of the Doppler effect (frequencies), 
3 the intercepted radio waves, of the field intensity, fixing the in- 
sans of “radio-rise" and "radio-set" of the satellite, of the rotation 
oi Une: plune of polarization of radio waves, and of the angle of arrival 
vf the radio waves will be conducted. The results of such observations 
Should provide extensive material on the state of the ionosphere, 


In conjunction with the sround observations, Sputnik ITI will conduct} 
dircet measurements of ionosphere characteristics. 


The peculiarity of direct measurement of jlonosphere characteristics 
wth the wid of instruments placed on the satellite is that, in contrast 
ts the methods based on the study of radio wave propagation, the results 
of measurements do uot depend on the characteristics of the whole thick- 
uess oY the jonosphere between the earth and satellite, nor the processes 
Mfmourring it it. 


The concentration of charged particles in the ionosphere and the mass 
spectrum of positive ions are determined by the satellite. Together with 
Medsurcomcits of the electrostatic field at the satellite surface, which 
wLPock the results of these tests, the enumerated measurements represent 
u Single complex of experiments, cach complementing the other. 
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Measurement of Concontration of Chacyed Particles 


In the jonosphers, there are three basie types of free churged 
particles -- positive and neyebive ions and eleetrons. The sum of concen- 
tration of negative tons and electrons is equal to the concertro+ion of 
positive lous. The ionosphere is clectrically neutral. Therefore, by 
measuring the concentration of positive tons, it is possible to determine 
the complete concentration of tree charged particles. 


The study of radio waves roflected from the ionosphere or passed 
through it permits obtaining information primarily ou ‘the electron con- 
centration, since the effect of the heavy charged particles, the ions, 
on the propagation of radio waves is more than a thousand. times weaker 
than the effect of the Lighter electrons. Since until recently, radio 
waves were the main means for investigating the lonosphere, all the basic 
information about the content of the charged particles in the ionospnere 
had relation only to the electron concentration. Practically nothing was 
known about the ion distribution, 


For measuring the concentration of positive ions along the orbit, 
two spherical net-like ion traps are mounted on the surface of the sat- 
ellite. Inside each of the traps is placed a spherical collector which 
has a negative potential with respect to the shell. The electric field 


thus formed attracts to the collector all the positive ions entering the 
trap and repels all the negative particles. Since the satellite velocity 
exceeds many times the mean velocity of the thermal movement of the ions, 
it can be considered that for the conditions of the spherical shape of 
the traps, the ion flow to the surface of the trap is fully determined 
by the motion of the satellite, and is independent of the air temperature, 
which changes with the altitude, ard the orientation of the satellite 
with respect to its velocity. Exceptions are the cases when the trap 
enters the region of high vacuum which forms behind the satellite. When 
there are two traps located in the tndicated manner, then at least one 

of them is always outside of such a region. By the magnitude of ion cur- 
rent flowing in the tsxup collector located. at the moment in the stream, 
it ig possible to determine the concentration of positive ions in the 
vicinity of the satellite. 


The relation between the measured ion current and the concen- 
tration of ions is rather simple if the electrical potential acquired by 
the satellite in its course of flight in the ionosphere is sufficiently 
small (for example, not exceeding one to 2 volts). But, if such potential 
is great, then it can affect the magnitude of the measured current to a 
considerable degree and, therefore, should be taken into account. For 
this purpose, to the net-like shells of the traps are fed periodically, 
short voltage pulses with respect to the satellite frame. 
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A volt-ampere characboriotio is taken ot this time, which makes 
Lt possible fo Inbrodues the correction, taking into account the effect 
of the satellite poturbhial on the value of ion current of the trap. The 
device makes it possible to measure the ton concentrations in the range 
from 10,000 to 25 million ious In a cubic centimeter. 


The measuremens of the positive ion concentration makes It pos- 
sible for the flret time to obtain data ebout the full concentration of 
charged particles in the ionosphere over various geographical regions of 
the eurth, for various altitudes, as well as its changes during the tran- 
sitions from the regions illuminated by the Sun into the region of shade 
and vice versa. These data are rather important for understanding the 
processes of the interaction of the Sun's radiation with the Earth's 
atmosphere. 


Comparison of the measurements conducted in the region located 
below the so-called main ionization maximum, which is located at an al- 
titude of 300 to 350 kilometers, with the results of ground ionosphere 
stations has made it possible to draw a series of conclusions about the 
concentration of negative lons at such altitudes and about the ioniza- 
tion of the air caused by the motion of the satellite itself. 


It can be expected that the measured concentration of positive 
ions will provide new data on the structure of the outer region of the 
ionosphere, which will provide additional information about this region 
as previously obtained from rocket launchings and the first two artificial 
earth satellites. It can also be expected that the magnitudes of the 
fjonosphere inhomogeneities will also be measured. 


2. Investigation of the Composition of the Ionosphere 


The earth's atmosphere consists of a great variety of gases. 
Its composition at the earth's surface has been studied sufficiently 
well. The data on the composition of the upper layer of the atmosphere 
are at present rather contradictory. One of the important gas char- 
acteristics entering the earth's atmosphere, as well as of all the exist- 
ing elements, is their atomic and molecular weight, which are expresse¢c 
in empirical units, so-called atomic mass units. For the atomic mass 
unit, a value equal to 1/16 of the atomic weight of oxygen is taken. 
The molecular weight of oxygen, composed of two atoms, i equal to 32. 
The atomic weight of nitrogen is 14, and the molecular weight is 28. 


Analyzing the molecular and atomic weights of various compounds am 
mixtures, it 1s possible to draw conclusions about tneir chemical com- 
position. for the determination of atomic and molecular weights of el- 
ements and their compounds comprising a mixture, so-called mass- 
spectrometers are used. The mass-spectrometer installed on Sputnik III 
is intended for determination of mass spectrum of the positive ions that 
exist in the earth's ionosphere. Knowing the mass number of the ions it 
is possible to draw conclusions about the chemical composition of the 
ionosphere. 
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The mags-spectrometyic tube, the sensing element of the instru- 
ment, is connected with tts open-entrance aperture directly to surround- 
ing space. Tt contains a sertes of thin-wire grid-clectrodes placed at 
fixed distances from cach other. Behind the grids are collectors in the 
form of metallic plates which collect ions entering the mass-spectrometer 
tube after passing through all the grids. 


The tube electrodes are fed various dircet and alternating cur- 
rent voltages generated in the clectronic unit of the mass-spectrometer. 
These voltages are selected in such a manner that only those ions can 
reach the collector which have passed the tuhe with optimum vector veloc- 
ity. The fons passing the tube with vector velocity greater or smaller 
than the optimum, will not be admitted to the collector. The velocity 
with which the ions pass through the mass-spectrometer tube, are deter-' 
mined, on one hand, by their mass and, on the other hand, by the accelerat- 
ing potential applied to certain grids of the tube. 


The accelerating potential periodically changes from zero to its 
maximum value. Therefore, the optimm velocity is imparted alternately 
to the ions with various mass numbers. When the ions reach the collector, 
a current pulse is generated in its circuit which is amplified and is: 
transmitted by a radio telemetering system to Earth. Simultaneously, 
the accelerating potential, available at a given moment on the tube grids 
of the mass-spectrometer, is also transmitted. If the ifonosphere has 
ions of only one mass, then the receiving stations will register one 
pulse of ion current for each cycle of change in accelerating potential. 
In case of a more complex composition of the ionosphere, two or more 
pulses are registered for each cycle. The ion mass number, correspond- 
ing to each pulse, can be determined by means of comparison of the mass 
spectrum records with the records of the mass-spectrometer accelerating 
potential. 


3. Inveetigation of Electrostatic Fields 


As a result of a series of processes occurring in interplanetary 
space, as well as in the atmosphere, the earth, with its atmosphere as 
a whole, acquires a certain electrical charge. The electrical field 
caused by such a charge will act on the velocity and the direction of the 
charged particles traveling in interplanetary space. It can have an ef- 
fect on a number of geophysical phenomena (aurorae, etc). Data on the 
electrical fields in the upper atmosphere might greatly help in determin- 
ing the causes for the existence of the earth's negative charge and the 
positive charge of the atmosphere, which create between the earth and 
the lonosphere a potential difference of several thousand volts. 
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Although a number of theories explaining the origin of aurora 
and corpuscular flows allow for the existence of clectrical fields in 
the upper layers of the atnosphere, the direct measurement or their in- 
direct determination has never been conducted. The fact remains that 
the favorable conducting layer of the ionosphere prevents the pentration 
of electrical flelds into the lower layers of the atmosphere in the same 
manner that a giant metallic shield would do if it were substituted for 
the ionosphere. 


For the same reason, it is impossible to measure, with the aid 
of instruments located below the ionosphere, the electrical fields in 
interplanetary space. 


The measurement of the electrical fields with the aid of the 
satellites is complicated by the fact that any body in the upper layers 
of the atmosphere will acquire an electric charge, the field of which, 
if not taken into account, will add up with the measured field and will 
distort the measurements. 


This charge appears as a result of the inequality of electron 
and positive ion velocities entering the surface of the satellite, as 
well as the result of phenamena such as photoeffect, i.e., the ejection 
of electrons from the satellite surface by light and by other radiations. 


Use of satellites for studies of such characteristics of the 
ionosphere as the concentration of ions and their mass spectra requires 
accounting for such disturbances which the satellite brings to the sur- 
rounding space. Therefore, the measurement of the electric charge of the 
satellite, which causes the redistribution of the charged particles in 
its vicinity, is also desirable to improve the results of these experi- 
ments. On the other hand, the information on the electric charge in 
conjunction with the data on the ion concentration will make it possible 
in a number of cases to determine such a difficult-to-measure ionosphere 
characteristic as temperature. 


The equipment used on the satellite consists of two sensing 

electrostatic flux meters having common control circuits. It is made 
in the form of two transducers mounted symmetrically on the side sur- 
face of the satellite, and a unit with amplifiers. The essential part 
of each transducer is the measuring electrode, a ten-sector plate con- 

i nected to the body of the satellite through a resistor. The surface of 
the plate becomes, in a way, the surface of the satellite. This plate 
is periodically shielded by another plate, a shield, which is rotated 
by an electric motor. Since the measuring plate is a part of the satel- 
lite surface when it is exposed, it contains some part of the satellite's 
charge, as well as the charge induced by the exterior electrostatic field. 
When this plate is covered by the shield, the charge is removed. 
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During the rotation of the shield, the charge from the measur- 
ing plate is periodically removed through the resistor forming an alternat- 
ing current potential across it which is proportional to the magnitude 
of the plate charge. This potential is amplified, rectified, and fed to 
the Input of the radio telemetering system. This system of measurement 
makes it possible to determine the magnitude of the electrostatic field, 
and the use of two symmetrically placed transducers of the electrostatic 
flux meter makes it possible to determine not only the satellite's own 
charge, but also the exterior electrostatic field. 


During the operation of the apparatus, a special system of con- 
trol makes it possible to check the reliability and accuracy of measure- 
ments. ; 


Measurement of the Barth's Magnetic Field 


The action of the Earth's magnetic field is revealed both during 
observations of artificial indicators of the type of magnetic needles 
rotating coils, ete., inserted in it, as well as during observations of 
a whole series of geophysical phenomena: deflections in the polar regions 
of charged particles emanating from the Sun, the deflection of cosmic 
rays, and the polarization of radio waves. 


The distribution of the magnetic field according to size and inten- 
sity was studicd in enough detail only over the continents in the direct 
vicinity of the Earth's surface. These data were widely used in the prac- 
tice of prospecting for useful minerals, ship navigation, aeronavigation, 
etc. 


The nature of the Earth's magnetic field up to now is unknown. As 
a result of prolonged measurements of the intensity of the Barth's mag- 
netic field in special observatories, it was established that it changes 
with time. The most intensive changes of the magnetic field are called 
magnetic storms. 


Analysis of observations showed that the principal part of the Earth's 
magnetic field and its secular variations are caused by sources occurring 
inside the Earth. On the other hand, the chief sources of short period 
variations of the Earth's magnetic field and magnetic disturbances are 
outside the Earth in the upper layers of the atmosphere. 


The magnetic field of the Earth in the first approximation coincides 
with the field of a magnetized globe or of a strong magnet, the distance 
between the poles of which is extremely small, and on which the north 
pole of this magnet is located in the southern hemisphere of the Earth, 
B The axis forms an angle 
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of 11.5 degrees with the axis of rotation of the Marth. This simple 1cp- 
resentation Ls complicated by the location of fields of continental, re- 
gional, and local anommilics. An example of the first is the Nast Siberlan 
magnetic anomaly, occupying, a considerable part of the continent. 


Sources of local magnetic anomalies, for example the Kursk, lic in 
the uppermost layer of the Marth's crust, bub these anomalies quickly 
decrease with altitude. Contradictory opinions exist concerning the 
localization of continental anomalies. 


g Mathematical methods permit the calculation of the field at high 
altitudes if the distribution of the field near the surface is known. 
Observations on the intensity of cosmic rays at different latitudes give 
definite information concerning the structure of the Earth's magnetic 
field at high altitudes. The most puzzling thing is that maps of the 
distribution of the magnetic field at high altitudes, according to ter- 
restrial magnetometric datu and according to observations of cosmic rays, 
are not in agreement. Direct measurements of the intensity of the mag- 
netic field at high altitudes using magnetometers mounted in artificial 
earth satellites, permit shedding light on the cause of the observed dis- 
crepancy. 


The placement of a magnetometer in a satellite permits conducting 
a& magnetic survey of the whole of the Earth in a short period of time. 
Quite exceptional possibilities for the investigation of the variable 
part of the magnetic field are presented. 


According to contemporary notions, magnetic perturbations are caused 
vy strong currents flowing in the ionized layers of the atmosphere. Up 
to now, only one direct experiment was knowm, accomplished with the aid 
of a magnetometer installed in a rocket, which attested to the actual 
existence of such current systems. 


The satellite moving along its orbit will repeatedly cross the 
lonized layers of the atmosphere. Thus, the existence of the current 
system can be noted according to jumps in the intensity of the magnetic 
ficld. Separation of the intensities of the field measured by a mag- 
netometer, frequently related to the supposed current system, can be ac~ 
complished only by special methods of observation and processing of the 
data. According to the reason given, programs for the investigation of 
the spatial distribution of the Earth's permanent and variable magnetic 
fields cannot be fulfilled in one experiment. 


The principal probler of the experiment by the artificial carth 
satellite is the investigation of the spatial distribution of the perma- 
nent magnetic field of the Earth at the highest altitudes in comparison 
with the spatial distribution of lines of similar intensity of the magnetic 
field and lines of similar intensity of cosmic rays. 
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Measurement of the magnetic field with satellites 1s connected with 
considerable difficulties, which are determined vy the fact that the lo- 
ration of the satellite relative to the vector of the Earth's magnetic 
fleld changes continuously. The magnetometer should possess high sensi- 

ivity over a large range of measurements. The influence of the magnetic 
parts of other inboard equipment is exerted on the transducers of the 
magnetometer. 


A magnetometer which eliminates these difficulties is installed on 
board the satellite. ‘This magnetometer is an instrument, the measuring 
transducer of which is automatically oriented in the direction of the 
full vector of the Earth's magnetic field in any orientation of the sat- 
ellite. The size of the magnetic field and its variations serve 456 a4 
compensating current passing through a coil, mounted on a measuring trans-~ 
ducer, in such a direction that it fully compensates the spatial field 
of the earth occupied by the transducer. 


Two potentiometric transducers, installed at the junction of orienta- 
tion, makes it possible to determine the position of the satellite body 
relative to the Earth and the rate of rotation of the satcllite around 
its own axis. 
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etudy ot Casmie Ruys 


Tnvestivasion of cosmle radiation ts making it possible to obtain in- 
fommation on the processes concerned in the formation of particles in the 
deytas of outer space which possess very great energy. Moving about the 
universe, these particles are acted on by the effect of the medium through 
whiel they pass. Effect on cosmic radiation is caused by processes occur-~ 
in on the Sun and, in particular, by streams of corpuscles ejected from 
within tne Sun. The intensity of cosmic radiation changes under the 
ackion of electrical and magnetic fields present in these flows. Changes 
in the composition of Interplanetary medium surrounding the Earth also 
leads to chenge in the character of the movement of particles of cosmic 
roys which originated in the furthermost regions of the universe and are 
moving in the direction of the Earth. Sometimes powerful explosive proc- 
essea occur on the Sun, resulting in the appearance of cosmic rays. These 
preeessee have been little studied so far, and their investigation Is of 
erent importance. 


As the result of deflection of cosmic rays in the magnetic field of the 
arth, only particles with energy greater than 14 million electronic volts 
can react the equatorial regions of the Earth. Particles with very small 
energy can reach the high latitudes. Moving about its orbit, the satellite 
makes Lt possible to register cosmic radiation of different energy. 


The cosmic rays counter installed on the satellite will make it possi- 
ble to obtain information on the intensity variations and the energy spec 
trum of cosmic radiation. ; 


of particular significance is the research on the smallest particles 
or light in the composition of cosmic rays, the photons. Photons possess- 
ing considerable energy, as the so-called gamma rays, can reveal to us 
where this radiation is seneratved better than any other component of cosmic 
radiation, Gamma rays should p:ropagate themselves practically liuearily in 
universal space. Therefore, having detected in which direction the gama 
vavs 2ve moving, It is possible to designate where their source is located. 
In contrast to this, particles of cosmic rays having electrical charges are 
strougly deflected in the magnetic fields existing in the cosmos and loge 
their initial direction cf movement. 


- Detection of gamma ras in the composition of cosmic radiation is con- 
nectec with great difficulties, and all the more so, since at present, it 
is not possible to predict thetr intensity. The satellite existing for 4 
long time outsi le the Earth's etmosphere presents an unusual possibility 
for detecting this new component of cosmic rays. 
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An Instrument installed in the satellite makes it possible for the 
first time to reallze un experimental attempt to detect vammu-rays in the 
composition of primary cosmic radintion. If this attempt is crowned with 
success, then it will be possible to speak of a new method for investiga- 
tion of the universe. 


Tt is known that ubout TO percent of the primary flow of cosmic rays 
entering into the upper layers of the atmosphere consist of protons ~-- 
the nucleus of the lightest element, hydrogen. In addition to protons, 
there are also other nuclel of cther elements in the primary flow of cos- 
mic ruys. Nuclei of helium (alpha purticles) are present in a quantity 
less than 20 percent and nuclei of heavier elemezts make up about one 
percent In all. Even though the nunber of such particles is small, the 
energy which they bear consists of about 16 percent of the energy of the 
entire flow of cosmic rays. 


It is important to know the composition of the primary Plow in more 
detail. Information on the composition of cosmic rays in particular is 
of considerable significance in answer to the problem as to how and where 
particles with such great energies are created. 


A considerable amount of information on the composition of primary 
cosmic rays has been obtained as the result of instruments carried into 
the stratosphere on sounding balloons. However, it was not possible to 


obtain a camplete series cf data of primary composition while conducting 
measurements in the stratosphere, as there is still a small layer of sub- 
stance which is always present above the instruments and changes the com- 
position of cosmic rays. Up to now, it is not known whether there is an 
observable number of nuclei heavier than the nucleus of iron in cosmic 
rays. 


Installation of an instrument for registration of nuclei of heavy 
elements will make it possible to reply to this important scientific 
question. The basic element of this instrument is a@ so-called Cherenkov 
particle counter. Operation of this counter is based on the use of 
Cherenkov radiation, which is formed in such a case when a changed particle 
moves in a substance with a speed which exceeds the speed of light in that 
medium. 


An important property of Cherenkov radiation is the fact that the in- 
tensity of the light flash which appears in the substance during the tran- 
sit of a particle through it is proportional to the square of the charge 
of the particle. Therefore, particles moving with a speed smaller than 
the speed of light in the substance do not radlate Light. This property 
of Cherenkov radiation makes it possible to use it for the registration of 
charged particles, determination of their charge, and the separation from 
the entire flow of particles of only those which possess sufficiently great 
speed. 
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The Cherenkov counter consists of a plexiglass cylinder-detector, to 
the end of which is attached a photoelectron multiplier. On passage of a 
cosmic ray particle with a speed of about 300,000 kilometers per second 
through the detector, Cherenkov radiation is formed in it. The rate of 
propagation of light in plexiglass is equal to approximately 200,000 
kilometers per second and, therefore, has the necessary condivion for 
forming Cherenkov radiation. 


The light which appeared In the detector is received by the photo 
multiplier, which transforms it into an electric signal and amplifies 
it to a value which is necessary for operation of the instrument. The 
instrument sorts all of the signals into two groups, corresponding to the 
passage of particles through the detector with a charge greater than 30 
and those greater than 17. On each passage of a particle through the 
Cherenkov counter, a signal is given as to which group the entering nucleus 


belongs. 


Investigation of Corpuscular Radiation of the Sun 


Solar electromagnetic radiation includes the infrared, visible, 
ultraviolet, and X-ray regions of the spectrum. At times, an erruption 
of Lonized gases consisting of electrons and ions from the Sun shoots 
into interplanetary space. According to the extent of emission from the 
Sun, part of the ions are neutralized, that is, transformed into ordinary 
atoms. The emission of these particles from the Sun has come to be called 
corpuscular radiation of the Sun. Together with the corpuscular streams, 
accompanying magnetic fields are given off. According to various estimates, 
the corpuscles have a speéd, near the earth, on the order.of several thousand 


kilometers per second. 


During the passage of the corpuscular streams close to the earth, mag- 
netic disturbances develop, the most intensive of which are called magnetic 
storms. At the same time, aurorae occur. As the corpuscles penetrate the 
atmosphere, their ionization increases in the upper, as well as in the lower, 
layers. An increase in ionization in the lower more dense regions leads 
to a disturbance of radio communications, since an intensive absorption of 
radio waves occurs. Corpuscular outbreaks are accompanied by a disturbance 
in the thermal condition of the upper atmosphere. 


A majority of the solar corpuscles is composed of charged particles. 
Such corpuscles most often penetrate the atmosphere near the earth's 
geomagnetic poles, in the polar regions. Because of the curvature of the 
trajectory of movement in the magnetic fields, the charge particles also 
penetrate on the night side of the earth in the vicinity of the polar 
zones. Corpuscular invasion also occurs in the middle latitudes, but here 
it is less intensive. Neutral corpuscles are free to penetrate at any 
place on the earth's surface. 
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Informution on corpuscular radiation of the Sun is very poor, and little 
is known of ity nature and properties. Until very recently, general infor- 
mation on corpuscular radiation has been obtained from observations of the 
UuUrorae,. 


Artifieial carth satellites are an effective meang of studying cor- 
puscular radiation. The present time is especially favorable since this 
rediation has intensified becuuse of the increase in solar activity. 


Two particle detectors are located in Sputnik IIZ. These indicators 
are fluorescent sereens covered with aluminum foil of various thiclinesses. 
In this manner, a rough classification is obtained of the corpuscles accord- 
ins: to their penetration capabilities. 


In front of the fluorescent screens, diaphragms are placed which re- 
strict the solid angle of capture of the corpuscles. Because of the action 
of the corpuscles, the fluorescent screens glow, similar to the process in 
the picture tube of a television receiver of illumination of the screen by 
the electron beam. Radiation from the screen is received by a photoelectric 
multiplier tube. Its signal is "stored" by a special devise and is then 
trausmitted to earth by a radiotelemetering system. 


With the help of this apparatus, it wlll be possible to obtain valua- 
ple material on the geographic, altitude, and diurnal distribution of cor- 
puscular streams. For investigating the direction of approach of the par- 
ticles, a rotation of the satellite is used. The Earth's mgnetic fleld 
is capable of repelling the charged particles and forcing them to follow 
a spiral path along the lines of magnetic force. The neutral particles may 
travel alony a straight trajectory. Such observations will provide addi- 
tional, data for determining the nature of corpuscles. 


Together with the registration of corpuscular radiation of the Sun, 
the apparatus makes it possible to obtain supplementary material on X-ray 
radiation which will also be recorded by the corpuscle indicators. This 
radiation may differ fron corpuscular redistion in its dixection of approach 
and by the absence of repulsion from the earth's atmosphere. In addition, 
it may be registered during the time of appearance since corpuscular radia- 
tion is propagated more slowly than electromagnetic radiation. 


Measurement of Pressure and Density of the Atmosphere 


The study of how the pressure and density varies with altitude belongs 
to the number of most important geophysical investigations of the upper 
atmosphere. Knowing these two parameters, it is possible to determine the 
temperature of the atmosphere at high altitudes. 


Until. recently, this study was restricted to comparatively low alti- 
tudes and only high-altitude rockets made possible measurements of the pres- 
sure and density in the upper layers of the atmosphere. At an altitude of 
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100 kilometers, the pressure and density are approximately 10 million times 
less than on the surface of tthe Earth. Higher than 100 kilometers, there 
are single rocket measurements which agree poorly with indirect data. The 
casential shortcoming of rocket measurements is their short duration and 
the fact that they are conducted only above individual points of the 
Earth's surface. 


For geophysics, it iu extremely important to have data on the density 
and pressure of the upper layers of the atmosphere at all longitudes and 
latitudes by taking measurements over a long period of time. 


The use of satellites makes possible more precise and expanded in~ 
formation concerning the structure of the atmosphere. The prolonged stay 
of an instrument at an altitude, and comparison of the results of the 
measurement from one revolution to another, permits detailed analysis 
of experimental data to be made and to exclude the possibility of ex- 
perimental error. 


Given a sufficiently accurate experiment, it will also be possible 
to estimate diurnal and latitudinal variations of the density and pres- 
sure at altitudes at which the satellite is orbiting. 


Manometers placsd on the outside of the satellite are coupled with 
a measuring apparatus inside the satellite. A magnetic manometer measures 


pressures on the satellite within the limits of 10~9 to 10-7 millimeters 
of yercury, and ionization manometers make measurements in the range of 
10-5 to 1079 millimeters of mercury. 


Investigation of Micrometeors 7. 


It is known that tiny solid: particles, micrometeors, move about in 
interplanetary space. When they enter into the earth's atmosphere, they 
burn up. During this luminous occurrence, which can be observed with the 
naked eye or with the telescope, only relatively coarse particles are pro- 
BB duced. The very fine, and presumably very numerous, particles, which are 
only a few microns in diameter, produce such a faint light that they can 
not be observed with optical instruments, nor with any other facilities 
of ground observation. 


By means of radar observations, it has been established that the 
micrometeors which plunge into the earth's atmosphere at a speed of 70 
kLlometers per:second produce an ionization of the molecules of the air. 
Around the flying particles, charged particles, electrons: and ions, form 
a trail which is observable by means of radar. Even this method, however, 
is not able to detect the very finest micrometeors. At present, these 
particles can be studied only with the aid of apparatus contained in 
rockets and, especially, in artificial Earth satellites. 
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The study cf interplanetary matter is of great significance to the 
astronomer, the yveophysicist. and the astronaut, and also fer the solution 
of problems of evolution and origin of planetary systems and for the clari- 
fication of a number of important questiong in reyard to modern theories 
of cosmo sony. 


Tt Ls also very {mportant tc know accurately the average amount of 
meteoric matter which falls to the earth during a given interval of time. 
Tt is necessary to take into account the influence of impacts of meteoric 
bodies on the outer shell of a recket and an artificial satellite and also 
on instruments mounted on them (for example, on the surface cf optical 
tnstruments, which may be turned from transparent to opaque as a result 
of eollisiona with micrometeors), cn the active surface of golar batteries, 
ete. 


Ancther thing to be taken inte account iz the danger of the collision 
of artificial Farth satellites. and expecially interplanetary rockets, with 
larger meteorites. Although the probability of such a collision is not 
zreat, it does exiat, and it is important to be able to estimate it accu- 
rately. 


Several methods may be used to record the collisions of micrometeors 
with tha outer shells of interplanetary rockets and artificial earth sat- 
ellites. One simple, and, at the same time. very sensitive, method ia the 
use of piezoelectric transducers, which convert. the mechanical energy of 
the collisions with particles into electrical energy. 


The magnitude of the electrical impulse produced in such a transmit- 
tiny, element depends on the velocity and mass of the impinging particles, 
and “he rambler of impulses is equal to the number of particles which 
collide with the surface of the transducer. The electrical impulses 
coming from the transducers are fed to an electronic device which counts 
the impulses and records their magnitudes. 


Sources of Equipment Fower Supply 


The power supply for scientific and measuring instruments in Sputnik 
III is based on silver-zinc batteries and mercuric oxide elements. The 
various elements and batteries of this type developed by Soviet scientists 
have high specific electrical characteristics per unit of weight and 
volume and are suitable for use in the satellite. 
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In addition to the chemical batteries, Sputnik III also has a series 
of solar batteries. These batteries convert the energy of solar radiatior 
directly into electrical energy. Solar batteries consist of a series of 
elements, thin sheets of pure monocrystalline silicon, with predetermined 
electrical conductivity. Each of the silicon elements produces about 
0.5 volt, and the coefficient of transformation of the solar energy 
amounts to 9-11 percent. The correct combination of elements provides 
the required voltage and current. 


The mounting of solar batteries on Sputnik III affords che possi- 
bility of a detalled investigation of its operation under the conditions 
of cosmic flight. 


The launching of the third Soviet artificial Farth satellite is now 
evidence of the success of rocket engineering in the Soviet Union. The 
broad complex of mutually related investigations being undertaken by the 
satellite will make a great contribution to the development of science. 
The launching of Sputnik III is one of the most remarkable events of the 
Icy. The great size of the Bey ee ee and its high degree of automation 
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IT, O0ChTO AND ARTIFICIAL EARTH SATELLITES 


Soviets vublish Compilation of Some Results of Sputniks IT and II 


A full-page article in the 27 April Pravda vresents a compilation of some 
ul the results of the experiments conducted by means of Sputnixs I and II. 
The rollowins, is a summery or the article. 


The Llaunchings of Sputni!. I and II, on 4 October and 3 November, re- 
spectively, marked the beginning of mun's penetration into cosmic space. 
euch artivicial satellites open the way for the realization of a whole 
serlos of the most important sclentific investigations. The study of the 
lonosphere und the mechanism of its formation, the effects of the Sun's 
rudiution and cosmic rays on the Earth's atmosphere, the study of the 
density, temperature, and magnetic and electrostatic fields at high al- 
titudes, and many other problems are cf great scientific and practical 
interest. 


The solution of these problems requires the conduct of direct ex- 
periments at altitudes of hundreds and thousands of kilometers above the 
surface of the Larth. The possibility of accomplishing such experiments 
appeared with the creation of artificial earth satellites which permit 
making the necessary scientific measurements at great altitudes over dif- 
ferent parts of the Earth's globe over long periods of time. 


sithough the value of sputniks for scientific observations hed been 


known for a long time, their launching had remained an unsolved problem. 
fhe principle dirflculty was tne lack of a rocket capable of imparting a 
Spead in che order of 35,000 meters per second to them. 


It was only after the creation of the intercontinental ballistic mis 
siles in the Soviet Union thatthe lnunching of the first sputnik was real- 
ized. The excellent qualities of design of this rocket enabled putting 
peas into orbit with heavy loads of scientific apparatus. ‘The weight 

the first Soviet artificial earth satellite was 03.6 kilograms, but 
the sclentific and measuring apparatus with power packsin the second Soviet 
satellite weighed 502.3 kilograms. 


The launching of artificial earth satellites with such a large weight 
vf apparatus makes it possible simultaneously to conduct a whole complex 
vf sclentific investigations which increases their scientific value. Only 
by lounching such large artilicial satellites can the problems of building 
cunlinuousiy operating cosmic laboratories and of making interplanetary 
flights be solved. 
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The firet Soviet artificial earth satellite was put into an orbit 
with a perigee of 225 kilometers and an apogee of 947 kilometers; the 
second, with a perlgee of 225 kilometers and an apogee of 1,6'/1 kilometers, 
the initial orbltal period of the flret sputnik was 96.17 minutes, and. of 
the second, 103.75 minutes. 


During the artificial satellites' movement along the orbital altitudes 
mentioned above it was possible to conduct a number of experiments for the 
study of the upper atmosphere (determining the density of the atmosphere, 
the study of the propagation of radio waves, etc.). On the other hand, at 
Vhese altitudes the density of the atmosphere is low enough so that it does 
not distort measurements of the primary components of cosmic radiation, 
the spectrum of the short-wave radiation of the Sun, etc. 


Sclentific problems also determined the selection of the orbit's ang.Le 
of inclination to the Earth's equator, equal to approximately 65 degrees. 
The advantage of such an orbit is that during the sputnik's flight its 
scientific apparatus can conduct measurements over different latitudes. 

It should be noted that placing an artificial satellite into an orbit with 
a greater angle of inclination to the plane of the equator is a far more 
complex task than to place it into an orbit similar to an equatorial orbit. 


During the period of its existence from 4 October 1957 to 4 January 
1958, the first Soviet satellite completed about 1,400 revolutions around 
the Earth. The second satellite, from 3 November to 1% April 1958, com- 
pleted about 2,370 revolutions. With the aid of the first Soviet artificial 
earth satellites the projected program of scientific investigations was 
successfully accomplished. Some of the preliminary results of these in- 
vestigations follow. On the whole, the material accumulated is very ex- 
tensive, and work on it continues. 


1. Radio and Optical Observations of Artificial Earth Satellites 


Inasmuch as analysis of the change of the orbit of a satellite 
with time makes it possible to evaluate the density of the upper layers 
of the atmosphere, investigations of the motion of artificial satellites 
are very important. Orbital elements of such satellites can be determined 
by observations made by radiotechnical and optical methods. Among the 
: radiotechnical methods used were radio position finding and the observation 
of the Doppler effect during reception of radio signals from the sputniks. 


During radio observation of the signals from the first and second 
Soviet sputniks the frequency of the radio signals received was measured. 
‘A special radio apparatus and recording chronograph were used for this 
purpose. 


226. 


Approved For Release 1999/09/08 : CIA-RDP82-00141R000200180001-3 


Approved For Release 1999/09/08 : CIA-RDP82-00141R000200180001-3 


he observations made show that the Doppler effect can be success- 
Cully used to determing the orbital parameters of sputniks, The value of 
this method is Lls slmplicity ond the reliability of the apparatus. With 
an ineresse in the {frequency of a transmitter and with the use of a system 
aubomibically measuring the frequency, the crror of the method can be sub- 
stantially reduced. 


for « more accurate determination of the coordinates special photo- 
eraphic theodolites (fCotokineteodolity) were used. Modernized aerial photo- 
graphic survey camerus for obtaining photographs with the sputniks' trails 
were used, Timing during photography was done with the ald of a number of 
consecutive openings and closings of the shutter with the registration of 
the time of these operations by a photoelectric method. Thus a broken 
trall of the gputnik wus obtained on the photograph. 


During the observations of the artificial earth satellites a method 
of photogruphing them using highly sensitive means was developed. Among 
these, the use of an electronic optical]. converter showed special promise. 
The new mothod permits mal:ing observations for sputniks without using large 
optical systems. This will sreatly simplify the means of observations. 


2. Determination of Density of Atmosphere. 


The density and temperature of the air are the most importa:.t 
characteristics of the atmosphere. The determination of their principal 
altitudes down to the boundaries of the atmosphere is essential for under- 
standin a number of geophysical phenomena. 


‘ven before the launching of the first artificial satellites the 
possibllity of determining the temperature and density of the atmosphere from 
observations of their motion was noted. During their movement in the at- 
mosphere the sputniks mect resistance, The strength of the resistance is 
proportional to the density of the atmosphere. As a result of the braking 
action of the atmosphere there is a gradual reduction of the altitude of 
the orbit. This continues up to the time the sputnik enters the dense 
layers of the atmosphere and ceases to exist. 


The farther away from the Earth's surface, the quicker the density 
of the atmosphere falls. Therefore, the force of the resistance in the 
different parts of the orbit is not equal. In an orbit of sufficlent size, 
the main braking force is in the perigee. This reduces the height of the 
apogee at a quicker rate than that of the perigee. In its evolution, the 
satellite's orbit thus gradually aoproaches a circular form. 
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On the basis of a theoretical analysis of the results of the ob- 
servations Lt was possible to determine the values of the evolution of the 
orvits as the product of the atmospheric density times the square root of 
tine altitude of a homogeneous atmosphere at the perigee altitudes of 225- 
028 kilometers of the first satellites. The value of the density was also 

: culculated. As a result, it was found that values of the density obtained 
were 5-10 times greater than the values indicated for those heights ina 
number of studies of the atmosphere which were based on rocket measurements 
before the launching of the satellites. 


The Earth's atmosphere over different areas of its surface is not 
uniform, At one and the same altitude the density and temperature of the 
atmosphere change in relation to latitude and time of day. This relation- 
ship 1s connected with the irregular heating of the upper atmosphere by 
ultraviolet, Roentgen rays, and corpuscular radiation from the Sun. 


As a result of the fact that the gravitational field of the Earth 
is different from the central field, the orbits of the artificial earth 
satellites changed their location in space. Thus for the first Soviet 
satellites the angular distance of the perigee from the midday meridian 
changed approximately by } degrees, and the latitude of the perigee changed 


by 0.35 degree per day. 


Inasmuch as the principal influence of the atmosphere occurs in 
the region of the orbit's perigee, the change of its location leads to a 
change of the magnitude of the braking. This makes it possible to evaluate 
the magnitude of the latitudinal and diurnal changes of the state of the 
atmosphere, 


On the basis of the observations, calculations were made for deter- 
mining the density of the atmosphere, taking into account the changes in 
the location of the perigee of the orbit. The calculations showed that the 
product of the density times the square root of the altitude of a homo- 
Gencous atmosphere Increases during the transition from the night side of 
the atmosphere to the day side, and reaches its maximum value at midday. 
Analysis of the braking also revealed a decrease of this value during the 
transition from the more northern region of the atmosphere to the equatorial 
region, It should be noted that the values of density, calculated accordgng 
to the results of observations of the first and second sputniks, are in 
good agreement with those of the rocket carrier of the first sputnik. 


On the basis of the data obtained it is possible to draw the con- 
clusion that the temperature at altitudes of about 225 kilometers is higher, 
than previousl, supposed on the basis theoretical considerations. 
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The diseovery of the high temperature of the utmosphere poses 
for peophysleists the problem of the sources of energy und its great 
heal capacity. The well-known "hard" ultraviolet and Roentgen radia- 
tlons of the Gun would nurdly be sufficlent for this purpose. Now it 
1s possible only to form different hypotheses on this question. For 
example, Jt can be supposed that the upper atmosphere of the polar 
regions Ls intensely heated by corpuscular radiations from the Gun. 
The whole upper atmosphere may be additionally heated either by in- 
fragound waves arriving from the troposphere or by electrical currents 
arising in the electricul conducting Llonized air as a result of its 
motion In the Eurth's magnetic field. : 


Further study of the upper atmosphere using rockets and arti- 
ficiul earth satellites will make it possible to obtuin a definitive 
anuwer to all these interesting und important questions. 


3. Results of Investigations of Ionosphere 


The observation of radio signals received from the first arti- 
ficinl earth satellites provided new data on the outer part of the 
ionosphere, that is, that part lying above 300-400 kilometers. The 
lonosphere is the upper part of the atmosphere containing a considerable 
quantity of free, charged particles -- electrons and tons. During the 


passage of radiowaves throuzh the lonospheric layers the phenomena of 
thelr reflection, partial and full absorption, and the distortion of the 
paths of their propagation occur. Therefore, radio methods are the most 
effective means of investigating the upper layers of the atmosphere. 


One of the principal parameters charucterizing the state of the 
ionosphere is the magnitude of the electron concentration, that is, the 
content of free electrons per cubic centimeter. Up to now the electron 
concentration was measured from the lower lonospheric layers up to an 
altitude of 300-400 kilometers, where the electron concentration has a 
so-called principal maximum. 


These meusurements were produced mainly by ground Llonospheric 
stutions, transmitting short impulse radio signals at different frequen- 
cles and receiving their reflection from the scparate layers of the 
{fon sphere. 


As a result of systematic measurements, it was established that 
the altitude of the principal maximum of the fonosphere and its electron 
concentration changed from day to night, from season to season, during 
the transition from north to south, and from east to west. The greatest, 
value of electron concentration in the middle latitudes reached 2-3 million 
electrons per cubic centimeter. It was found that from altitudes of 100- 
110 kilometers up to altitudes of 300-00 kilometers, the electron con- 
centration becomes on the average 10-15 times as great. 
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It. ds extremely important to know how the electron concentration 
avove the main maximun, thut is, in the outer part of the Lonosphere, 
shanuges. Thilo is necessary in particular to understand the interaction 
of the ultraviolet radiations of the Sun with the atmosphere and to study 
the conditions of radiowave propagation and other processes originating 

: tu the lonosphere. Certain Information on the outer lonosphere can be 
obtained by the study of radio emanations from the Sun and the stars. and 
of radio signals reflected from the Moon which are received on Earth. 
Observations on the porpagation of radiowaves transmitted from sputniks 
ut different altitudes is a new method of studying the outer ionosphere. 


In the reception of radio signals from the first artificial earth 
satellites at a frequency of 40 megacycles, it was possible in a number of 
cases to observe, free from distortion, the "radiorise"” (radiovoskhod) and 
"radiosetting" (radiozakhod) of the sputnik and to note the exact time of 
each. In contrast to the optical "rising" or "setting" of the sputnik, 
which are characterized by rays of light traveling in a straight line 
from the sputnik to the observer, during the "radiorise" and "radiosetting" 
the radio beams are bent by the ionosphere. 


Because of this, the "radilosetting" comes later than the optical 
"setting" and, correspondingly, the "radiorise" outstrips the optical 
"rise." The difference in time between the optical "rise" and the "radio- 
rise" (or the optical "setting" and “radiosetting") makes 1t possible to 
determine the amount of distortion of the radio beams. Inasmuch as the 
bending of a rudio beam in the ionosphere depends cn the variation of 
electron concentration with altitude, it is possible to establish a def- 
inite rule for the change in electron concentration and to theoretically 
calculate its value at different altitudes. Thus the effect of the lower 
layers of the ionosphere can be considered on the basis of direct measure- 
ments conducted by a network of ground stations. 


The data obtained as a result of the reception of the radio signals 

of the first artificial earth satellites make it possible to assume that 
the electron concentration in the outer ionosphere (over the principal 
maximum) decreases with altitude at a rate of from one fifth to one sixth 
of the rate at which it increases below the maxtmum. Thus in the altitudes 
from 100 to 300 kilometers the electron concentration increased to ten 

. times as much in the period of observation in October, while at altitudes 
from 300-500 kilometers it decreased by half. 


It should be mentioned that a similar change was recorded during 
the launching of Soviet high-altitude rockets. In this experiment, the 
electron concentration at an altitude of 473 kilometers was one million 
electrons per cuble centimeter. 
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Investigations of Cosmic Rays 


Por the registration of coumle radiation two instruments were 
installed in the second sputnik whlch recorded the number of particles of 
this radiation. During its motion around the Earth the satellite flew 
at different distances from Lts surface. Therefore, the measurement of 
cosmic ruys by we spulnik makes it possible to show the relutionship of 
the number of purticles to the altitude. Processing of the data revealed 
thet from the minimum orbit altitude of 225 kilometers up to an altitude 
of 700 kilometers there was a 4O percent increase in the intensity of 
cosmic ruys. This increase was dependent primarily on the reduction of 
the sercening uction of the Burth with the increase of altitude, which 
makes it possible for the cosmic reys to reach the instrument from a 
greater number of different directions. The Earth's magnetic field also 
presents an obstucle to the fall of cosmic radiation on the Earth. 


The study of cosmic rays using instruments installed In satellites 
can also show the dependence of the intensity of cosmic rays on latitude 
and lonvitude. This makes it possible to obtain new infcrmation on the 
Earth's magnetic field. Measurement of the magnetic field on the surface 
of the Earth makes it possible to form a representation of the nature of 
terrestrial marnetism und to predict what kind of magnetic field exists 
at greater distances from the Earth's surface. 


From this the expected distribution of the intensity of cosmic 
rays according to the Earth's surface can be calculated. In particular 
{t Ls possible to indicate the lines of constant intensity of cosmic rays 
(Leokosmy). The mezsurement of cosmic rays made during flights of sputniks 
ghowed Lhat the lines of constant intensity obtained from the experiment 
and those celeulated in theory are substantially different. This result 
is in agreement with the conclusions reached by the US physicist Simpson, 
who organized 2 large series of flignts with high-altitude airplanes in 
equatorial regions. They showed that the equator found with the aid of 
cosmic ruys did not coincide with the geomagnetic equator. 


Consequently, there is a considerable divergence between the 
characteristics of the Earth's magnetic field obtained on the one hand 
with Lhe aid of cosmic rays and on the other hand by the measurement of 
the magnetic field on the surface of the Earth. This discrepancy can be 
expluined by fact that the trajectory of the motion of cosmic rays is 
determined by the magnetic field at very high altitudes, while the direct 
measurements characterize the magnetic ficld near the surface of the Earth. 


dista 
the upper atmosphere. 
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Observations of cosmic rays by the earth satellites made it pos- 
sible also to record the oscillations (variations) of the intensity of this 
rudiation. These variations, obviously, are connected with the state of 
the interplanetary space near the Earth. One case of a sharp increase, 

20 percent, of the number of particles of cosmic radiation was registered. 

On the other hand, ground stations, at this time, did not discover any 

substantial increase in the intensity of cosmic radiation. At present a 

detailed study of this occurrence is being conducted. It is possible 

‘ that Lt was caused by the generation on the Sun of low-energy particles 
of cosmic rays (strongly absorbed by the Earth's atmosphere) or by the 
sputnoik hitting a stream of high-energy cosmic rays (connected with the 
corpuscular radiation of the Sun). Such a phenomenon had not been regis- 
tered before, since instruments for prolonged observations of coamic rays 
were located only on the Earth's surface. Artificial earth satellites for 
the first time make it possible to fully investigate primary cosmic radla- 
tion. 
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BrolovLeal Tnvestirablons 


Tn the past decade Sovlet setentists performed a large number of 
bloluyieal experlinents in the upper layets of the atmosphere. Animals have 
been carried in rockets to altitudes of several hundred kilometers for direct 
experimental study of the biolomical e?fects present in conditions approach- 
ing those in cosmic space flivht. Uowever, only by means of a satellite was 
it possible to conduct a blolosical experiment under conditione that would be 
present in actual space flicht. Specifically, the satellite enabled a study 
of the effects on a living organism of Long--duration welshtlesaness, primary 
cosmic radiation, solur emissions, and other factors. 


Tnformation of greal value was obtained from data on the medical- 
biological investirations on Layka in the second artificial earth satellite. 
Of uypectal interest were the behavior and condition of the dog during the 
most adverse stage of flight, from the biological viewpoint, which consisted 
of the launching and entrance into orbit. The acceleration produced during 
launching was many times greater than cravity, so that the apparent weight 
of the animal increased correspondingly with the magnitude of acceleration. 
The animal was so positioned in its cabin that acceleration acted in the 
direction from its chest to tts back. From the blolocical viewpoint, this 
was the most satisfactory position for withstandine overloadin: due to ac- 
céleration. Data during the flight indicated that the animal was 
able to oppose the apparent increase in weight only to a certain mar- 
nitude of acceleration. After this point the aninml appeared to be 
compressed to the cabin floor, and any detectable motion was not 
reristered. 


’ Deciphering, Ol vuuta received from the satelLite showed that imme- 
diately after launching the frequency of heart contractions was three times 
treater than initially. Analysis of the cardiorrams showed no lll effects. 
A typical picture of increase in heartbeat (so-called sinus tachycardia) 
was obtained. Later, as the acceleration not only persisted but increased, 
the frequency of heartbeat decreased. 


With the increase in the apparent weight due to increased accelera- 
tion, the breathing motion of the thorax became more difficult. Recordings 
{rom telemetric signals showed that the breathing frequency of the animal 
va3 three or four times creater than the original when the satellite entered 
orbit. 


Analysis and comparison of data obtained with results of previous 
laboratory experiments permit an assertion that the animal quite satisfac- 
torLly endured the fLight from the start of the satellite until it entered 
into orbit. Changes noted in the physiological functions were due to the 
strong sudden effects of acceleration, noise, and vibration during this 
period. 
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After the satellite entered its orbit, the animal began to experi- 
mnee velrliulessness. As the thorax of the animal did not experlence any 
sore pressure which had previously exist#d under acceleration, its frequency 
of breathing decreased. After a short périod of increased heart contractions, 
tne fvequency of heartbeat began to decr¢ase and approach normal. However, 
the perlod for the heartbeat to reach no#me proved to be approximately three 
times longer than the period in laborato#y experiments when the animal was 
subjected to the same accelerations as tilose of the satellite. This was 
probably because after the effect of accdleration in the ground tests the 
animal found itself in normal conditions] whereas in the satellite the animal 
experienced complete weightlessness. Duying weightlessness the sensitive 
nervous centers of the animal which signd position of the body were not suf- 
ficiently affected by external irritants The slight effect preduced was re- 
sponsible for the somewhat Longer period |that the breathing and blood circu- 
Letion functions took to return to no Normalization of these functions 
shows that the factors present during la ching and orbiting of the satellite 
obviously did not cause any substantial dnd lasting changes in the physiolor- 
ical Ametions of the animal. 


Insurance of normal living condiftions for the animal during its 


Plight in the satellite could be provided only by means of a hermatically 
sealed cabin. Normal atmospheric pressurp was maintained in the cabin. 
The oxvren content was kept in the range bf 20-40 percent, and the carbon 
dioxide content did not exceed one percemt. These percentages were main- 
tained by highly active chemical compounds which absorbed carbon and re- 
leased oxygen and absorbed other harmful kases from the living processes, 
such 29 ammonia. Analysis of data obtainbd showed that the content of 
oxycen did not decrease and that the cabih maintained its pressure. 


No definite idea of the effect of cosmic radiation could be formed, 
Since no obvious physiological effect was directly observed and it would 
have been necessary to observe the animallfor a long period of time after 
bhe fLisht. This will be accomplished in] future flights. The positive re- 
Sulis of the experiment make it possible fo continue and expand research 
aimed at ensuring the safety and health of man in cosmic flight. 


Study of the great wealth of material from the first earth satellites 
in the experiments described in this artiéle and other experiments performed 
7 on the first satellites in continuing. Sebsequent launchings of satellites 
in the course of the IGY will permit an i 
scientific experiment and } 
processes occurri i Y gmos (Moscow, Pravda, 
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svediah Radio Statfon Intercepts Sputnik ITI Sisnals 
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Trnmediately on the announcement of the firing of Sputnik IIT, the En- 
koepine short-vave vadio station besan seanning for the satellite's signals. 
The search was facilitated ty the announcement by radio from Moscow that 
the sipnals from Sputnik TIT ore similar to the letter "L" in the Morse code. 


From 1324 hours until 1332 hours, these signals were clearly intercepved 
In “nkoepin;. The signals were found to have a frequency of 20.005-20. 006 Mc. 
At 1511 hours, the sivnals vere heard again, this time for 11 minutes. The 
Fa eve tran gs by 1,000 eye nes eral ss ene they were first dea eke 
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Soviets to Echibit Sputnik Models in Paris CPYRGHT 


me lve apecenel in Faris has announced eee the oe a Sciences 


Repos Lbion en orere in Paris on 30 May. (Paxis, Le sede: L7 May 58) 
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Rocket Mail Delivery to Polar Region | Discussed 


The main portion of an unsigned Czeck newspaper article deals with the 
advantaces and possibilities of rocket mail in general terms. The final para- 
sraph gives the followins specific details. 
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Iu une event of an emergency, polar expeditions would be able to obtain 
packaves sent by rocket. A two-stage rocket could be launched in Arkhangelsk 
with an Lnitial speed of 6,500 kilometers per hour, later reaching a speed of 
14,000 kilometers per hour and an altitude of 400 kilomters. Tere the first 
stage of the rocket would drop away and the rocket would be automatically 


euided to the North Pole with the aid of wings that would push themselves out. 
= Eee ae Lost iy it Bion lose recht Near ia goal. when it would 
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